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Background:  Excess body weight compromises the ability to exercise and may impair autonomic function. It is not known if exercise HR 
responses predict mortality specifically in obese patients.
methods:  To determine the impact of obesity on HR response to exercise and its significance, we queried our database from January, 
1994 to May, 2006. Treadmill tests using Bruce protocol were included. Patients with known cardiovascular disease or taking HR-modifying 
drugs were excluded. Patients were assigned to 5 groups according to body mass index (BMI) 20-24.9, 25-29.9, 30-34.9, 35-39.9, and ≥ 
40. Functional aerobic capacity (FAC), resting and peak HR, HR reserve, chronotropic index (CI), and HR recovery were compared among 
the groups using ANOVA under the general linear model. Mortality was determined from Minnesota and National Death Indices. Cox 
proportional hazards regression was used to determine the prognostic significance of HR measures by BMI group.
results:  29,960 patients (69% men) of whom 10,104 (34%) had BMI ≥ 30 were included. HR responses by BMI are shown in the Table. 
There were 978 deaths (3.3%) over a mean follow-up of 12.3±3.1 years. HR recovery < 13 bpm was a significant age-sex-adjusted 
predictor of mortality across all BMI groups, whereas CI < 0.8 did not predict mortality in the 2 highest BMI groups.
conclusion:  HR responses to exercise become progressively more abnormal with increasing obesity, and HR increase with exercise loses 
its ability to predict mortality in morbidly obese patients.
Table BMI 20-24.9(n=6,270)
BMI 25-29.9 
(n=13,063)
BMI 30-34.9 
(n=6,982)
BMI 35-39.9 
(n=2,210)
BMI > 40 
(n=912) P
Age (years) 51±12 53±11 52±11 50±11 46±10 <0.0001
Female (%) 46 23 24 34 41 <0.0001
FAC 108±24 101±21 91±19 79±17 66±17 <0.0001
Resting HR (bpm) 77±13 77±12 79±12 82±13 85±13 <0.0001
Peak HR (bpm) 169±17 167±17 165±17 163±17 162±15 <0.0001
Peak HR<85% (%) 5 5 7 8 11 <0.0001
HR reserve (bpm) 92±19 90±18 85±18 81±18 77±16 <0.0001
HR recovery (bpm) 19±9 18±8 17±7 15±8 14±7 <0.0001
HR recovery<13 (%) 23 24 28 36 42 <0.0001
CI < 0.8 (%) 10 11 18 29 39 <0.0001
Deaths (%) 2.9 3.5 3.4 3.2 3.2 0.3486
HR recovery < 13:
Hazard Ratio + 95% 
CL
1.8
(1.4 - 2.5)
P<0.0001
1.6
(1.3 - 2.0)
P<0.0001
1.3
(1.0 - 1.8)
P=0.0369
1.8
(1.1 - 3.0)
P=0.0204
2.6
(1.2 - 5.9)
P=0.0182
CI < 0.8:
Hazard Ratio + 95% 
CL
1.7
(1.2 - 2.4)
P=0.0054
2.0
(1.6 - 2.5)
P<0.0001
1.9
(1.4 - 2.5)
P<0.0001
1.3
(0.8 - 2.2)
P=0.2379
1.3
(0.6 - 2.8)
P=0.5107
